Aims/hypothesis. To assess the role of HLA-defined genetic diabetes susceptibility in the appearance of signs of beta-cell autoimmunity in a series of children derived from the general population. Methods. Tests for five HLA DQB1 alleles and four diabetes-associated autoantibodies were carried out on 1,584 older sibs of infants with an increased HLA-defined genetic risk of Type 1 diabetes. The DQB1 genotypes were classified into those conferring high (*02/0302), moderate (*0302/x; where x indicates *0302 or a non-defined allele), low (*0301/0302, *02/0301, *02/x, *0302/0602, *0302/0603; where x indicates *02 or a non-defined allele) or decreased risk (other genotypes).
sive destruction of beta cells in the islets of Langerhans after an asymptomatic period of variable duration [9, 10] . During this asymptomatic phase, autoantibodies associated with Type 1 diabetes can be detected in subjects who are still normoglycaemic. At the moment, four antibodies are used as markers of betacell autoimmunity: islet cell antibodies (ICA), insulin autoantibodies (IAA), antibodies to the 65 kD isoform of glutamic acid decarboxylase (GADA) and antibodies to the tyrosine phosphatase-related IA-2 molecule (IA-2A).
Type 1 diabetes is a multifactorial disease with a strong genetic predisposition. The most important genes contributing to disease susceptibility are located
The incidence of Type 1 diabetes, which is one of the most common chronic disorders in children and adolescents [1] , has gradually increased since World War II in most Western countries [2, 3] , the highest being in Finland [4, 5, 6, 7, 8] . Clinical disease represents end-stage insulitis which is a consequence of progresin the HLA-DQ locus on the short arm of chromosome 6, 6p21 [11, 12] . Mathematical models based on twin and family studies and HLA association analyses have indicated that 30 to 60% of the genetic component of Type 1 diabetes can be accounted for by associations with genes of the HLA complex [13] . HLA-DQB1 alleles also confer resistance to Type 1 diabetes, the strongest protective HLA class II allele being DQB1*0602. A number of DQB1*0602-positive relatives of patients with Type 1 diabetes test positive for ICA but it is extremely rare for any of these subjects to progress to clinical diabetes [14] . There are indications that isolated ICA positivity is not related to the genetic risk of Type 1 diabetes, while positivity for two or more antibodies, which is associated with an increased risk of Type 1 diabetes in first-degree relatives [15, 16, 17] , is closely linked to increased genetic disease susceptibility. Beta-cell autoimmunity could be induced in any subject, irrespective of the genetic risk, but HLA-conferred resistance will protect most subjects from progressing to Type 1 diabetes [10] . DQB1*0602-defined protection seems to be dominant over susceptibility conferred by the DQB1 alleles *0302 and *0201 [14, 18] .
Our study was aimed at assessing the role of HLAdefined genetic disease susceptibility and protection in the appearance of signs of beta-cell autoimmunity in a series of children derived from the general population.
Subjects and methods
Subjects. The cohort comprised 1584 older sibs (783 males; 49.4%) of infants taking part in the Finnish Type 1 Diabetes Prediction and Prevention Project (DIPP), which is aimed at identifying newborn infants who have an increased genetic risk of developing Type 1 diabetes (phase I), recognising at an early stage the appearance of markers of autoimmunity known to precede clinical Type 1 diabetes in those with genetic susceptibility (phase II) and delaying the onset of clinical disease in those at genetic risk with signs of beta-cell specific autoimmunity (phase III) [19] . In the DIPP study families with an infant carrying increased genetic susceptibility to Type 1 diabetes (HLA DQB1*02/0302 or 0302/x; x≠*0301, *0602, *0603) were invited for observation and immunological surveillance for the emergence of diabetes-associated autoantibodies and development of Type 1 diabetes. The unaffected older sibs of the genetically susceptible infants were also invited for genetic and autoantibody screening, and 1584 such sibs with a mean age of 6.2 years (SD 3.5, range 1.2-24.1 years) had taken part in the study by the beginning of June 1999. Blood samples were obtained at an outpatient visit for DQB1 genotyping and testing for ICA, IAA, GADA and IA-2A. Of the sibs 38 (2.4%) had at least one first-degree relative (10 mothers, 19 fathers, 7 sibs and 2 families with both an affected mother and sibling) with Type 1 diabetes. The DIPP study protocol was approved by the ethical committees of the three participating hospitals (Oulu, Tampere and Turku University Hospitals).
Genetic screening. HLA-DQB1 typing was carried out by a method based on time-resolved fluorescence [20] . We used five sequence-specific oligonucleotide probes to identify the following DQB1 alleles known to be associated with either susceptibility to or protection against [21] .
Antibody analyses. All assays of diabetes-associated autoantibodies were done in the Research Laboratory of the Department of Paediatrics, University of Oulu. ICA were quantified by a standard immunofluorescence method on sections of frozen human pancreas from a blood group O donor [22] , and detected with sheep fluorescein-conjugated anti-human IgG (Sigma, St.Louis, Mo., USA). The end-point dilution titres of the ICA-positive samples were recorded and the results expressed in Juvenile Diabetes Foundation (JDF) units. The detection limit was 2.5 JDF units. Our research laboratory participated in the international workshops on standardisation of the ICA assay, in which its sensitivity was 100% and specificity 98% in the most recent round. All samples that were initially positive for ICA were re-tested for confirmation.
Serum titres of IAA were quantified with a microassay modified from that described by another study [23] . Antibodyantigen complexes were precipitated with protein A Sepharose (Pharmacia Biotech, Uppsala, Sweden) after incubation of the serum samples with mono-125 I-TyrA14-human insulin (Amersham, Little Chalfont, Bucks, UK) for 72 h with or without an excess of unlabelled insulin. The IAA values representing specific binding were expressed in relative units (RU) based on a standard curve run on each plate using the MultiCalc software program (PerkinElmer Life Sciences Wallac, Turku, Finland). A subject was considered positive for IAA when specific binding exceeded 1.55 RU (99th centile in 371 non-diabetic Finnish subjects). The disease sensitivity of our microassay was 35% and its specificity 100% based on 140 samples derived from the 1995 Multiple Autoantibody Workshop [24] .
GADA were measured with a radiobinding assay as previously described [25] . The results were expressed in relative units (RU) based on a standard curve constructed from the dilution of a pool of highly positive samples with a negative sample. The cut-off limit for antibody positivity was set at the 99th centile for 373 non-diabetic Finnish children and adolescents, i.e. 5.36 RU. The sensitivity of the GADA assay was 69% and its specificity 100%, based on 140 samples included in the 1995 Multiple Autoantibody Workshop [24] . IA-2A were quantified with a radiobinding assay [26] , and antibody titres were expressed in RU based on a standard curve, as for GADA. The limit for IA-2A positivity was 0.43 RU, which represents the 99th centile in 374 healthy Finnish children and adolescents. The sensitivity of this assay was 62% and its specificity 97%, based on 140 samples included in the 1995 Multiple Autoantibody Workshop [24] . All samples with IAA, GADA or IA-2A values between the 95th and 99.5th centiles were reanalysed to confirm their status.
Statistical analyses. The distribution of autoantibodies between risk groups was evaluated by cross-tabulation and Chi-Square statistics with Yates correction, unless any expected value was less than five, when Fisher's exact test was used. The Student's t test was used to assess age differences. Kruskal-Wallis non-parametric analysis of variances and the Mann-Whitney U-test were used to compare antibody titres between the risk groups. A two-tailed p value of 0.05 or less was considered statistically significant.
Results
Out of the 1584 sibs (from 985 families) studied, 171 (10.8%) carried the high-risk genotype, 516 (32.6%) moderate-risk genotypes, 422 (26.6%) low-risk genotypes and 475 (30.0%) genotypes conferring a decreased risk of Type 1 diabetes. ICA were detected in 2.7% (42/1584; 95% confidence interval 1.9-3.6%), IAA in 1.1% (17/1584; 0.6-1.7%), GADA in 1.3% (21/1584; 0.8-2%) and IA-2A in 0.6% (10/1584; 0.3-1.2%) of the sibs. There were no sex differences in the distribution of the HLA-DQB1 genotypes. There were neither any differences in the frequencies or titres of the various antibodies between the sexes. When the sibs were divided into two age groups 16 ) of the older subjects tested positive for ICA. No differences were observed in the frequencies or titres of other antibodies between these two age groups.
The frequency of antibody positivity in the sibs was related to the genetic risk, those with genotypes conferring increased genetic risk being positive for various antibodies more often than those with decreased genetic risk (Table 1) . No difference was seen in the frequency of ICA between male (4/90; 4.4%) and female sibs (7/81; 8.6%, p=0.42) among those with the high risk genotype. The number of positive children was too low for such a comparison in relation to the other autoantibody specificities. ICA-positive subjects with the high-risk genotype were on an average 2 years younger than those carrying the other genotypes (p=0.04), while no such age difference could be seen when comparing sibs positive for IAA, GADA or IA-2A carrying the high-risk genotype with Data are shown as absolute numbers, frequencies (%) in brackets, and with 95% CI on the second line (Table 2 ). GADA were also related to genetic risk, in that high-risk sibs had higher titres than moderate-risk sibs, whereas IA-2A titres were higher in the moderate-risk sibs than in the high-risk ones. There were 302 (19.1%) sibs in this cohort who carried the strongest protective HLA class II allele, DQB1*0602, and none of them tested positive for IAA or IA-2A, whereas 17 (1.3%) of the other sibs had IAA (p=0.04) and 10 (0.8%) IA-2A (p=0.12). The sibs with the DQB1*0602 allele also tended to have ICA and GADA less often than the other sibs [4 (1.3%) vs 38 (3%); p=0.11, and 1 (0.3%) vs 20 (1.6%); p=0.09]. None of the sibs with the DQB1*0602 allele had multiple autoantibodies (≥2). There were no differences in the ICA or GADA titres between the sibs with the DQB1*0602 allele and any of the remaining groups of sibs (data not shown).
The frequency of multiple antibodies was also related to the degree of genetic risk. Of the high-risk sibs 2.9% (5/171) tested positive for multiple antibodies (Fig. 1) , and at least three antibodies could be detected in three high-risk sibs (1.8%) and six moderaterisk sibs (1.2%) but in none of those with genotypes conferring low or decreased risk (χ 2 for trends = 12.61; p=0.01). Among those with the high-risk genotype one sibling (0.6%) and two among those with the moderate-risk genotypes (0.4%) tested positive for all four antibodies (p=1.00). There was also an apparent relation between the number of detectable antibodies and the ICA titres. Children with four antibodies had higher ICA titres (median 66 JDF U, interquartile range 34-258 JDF U) than those with two antibodies (16.5 JDF U, 8-34 JDF U; p=0.04), or with ICA only (8 JDF U, 6-10 JDF U; p<0.01). The ICA titre was also higher in those with three antibodies (23 JDF U, 13.8-55 JDF U) than in those with one antibody (p<0.01) and higher in those with two antibodies than in those with only one (p=0.05).
A higher proportion of the 38 sibs with at least one first-degree relative affected by Type 1 diabetes tested positive for IA-2A (2; 5.3% vs 8; 0.6% p=0.02) and multiple antibodies (3; 7.9% vs 15; 1.0%; p=0.008) than the sibs without affected family members.
Discussion
Population-wide screening of newborn infants for genetic risk of Type 1 diabetes is feasible and widely accepted in Finland. Close to 95% of the parents of eligible newborn infants have given their consents to genetic screening in the DIPP study, and about 80% of the families with an at-risk baby have given written informed consent for autoantibody follow-up and have attended at least one follow-up visit [19] . Therefore the index cases of the DIPP study represent the general population, and the subjects of this work are derived from that population. The proportion of children with an increased genetic risk, i.e. with high or moderate-risk genotypes, is considerably greater among the sibs than among the index cases in the DIPP study, 43.4% as compared with 13.0% among the index cases. Of the 28 615 index cases genotyped by June 1999, 3% (n=862) had the high-risk genotype, 10% (2865) moderate-risk genotypes, 24.2% (6927) lowrisk genotypes and 62.8% (17 961) genotypes conferring a decreased risk. This shows that the risk genotypes are enriched in this series relative to an unselected general cohort, due to the fact that these children are sibs of individuals who carry high or moderate risk genotypes. This adds to the power of the study, since the proportion of cases with enhanced genetic disease susceptibility is tripled relative to a completely unselected cohort.
Our results show that ICA were the most frequent autoantibodies detected in the sibs. This observation has, however, to be considered with caution, since differences in autoantibody frequency could reflect the cut-off thresholds used. Values of IAA, GADA and IA-2A positivity have been related to a healthy control population, while that has not been done with ICA. We aimed to find out whether there was any relation between the number of antibodies and the titre of ICA in those who tested positive for ICA, since both are measures of the aggressiveness of beta-cell autoimmunity and increase as the intensity of the beta-cell immunity increases. The results confirmed this association, as the ICA titres acted in concert with the number of antibodies: the higher the number of antibodies, the higher the ICA titre.
There was neither male nor female dominance in the frequency and titres of the four antibodies, and the sibs under 5 years of age (the youngest being 1.2 years) and those aged 5 years or older (the oldest be- ing 24.1 years) showed no differences in the frequencies of the various antibodies. This implies that the majority of such sibs seroconvert to antibody positivity under the age of 5 years. It has also been reported elsewhere that beta-cell autoimmunity both in offspring of parents with Type 1 diabetes [27] and in the general population [28] could be initiated early in life. The antibody titres were also of the same magnitude in the younger and older age groups, possibly suggesting that the titres after seroconversion remain relatively stable for a reasonable time, and that those who develop high titres of antibodies already have high titres at an early stage. An alternative explanation is that similar proportions of children have decreasing and rising antibody titres as they get older.
Our working hypothesis was that the prevalence of diabetes-associated antibodies is related to genetic disease susceptibility, being higher in those with an increased genetic risk. Our observations show that the HLA DQB1 genotype has an influence on the frequency of the four antibodies, this being most clearly seen for ICA and GADA, although those with increased risk genotypes also had higher frequencies of IA-2A and IAA than those with low or decreased risk genotypes. In addition, it could be seen that the ICA, GADA and IA-2A titres were dependent on the genetic risk, whereas IAA values did not differ between the risk groups . Sibs with high-risk and moderate-risk genotypes developed higher ICA titres than those carrying low or decreased risk genotypes. GADA titres were higher in the high-risk group than in the moderate-risk group, while the sibs with the moderate-risk genotypes had higher IA-2A titres than those with the high-risk genotype.
ICA-positive children in the high-risk group were younger than those in other risk groups. This implies that sibs with the high-risk genotype tend to seroconvert to ICA positivity at a younger age. This indicates that the DQB1*02/0302 genotype predisposes its carriers to an early appearance of ICA. ICA are the best characterised indicator of on-going beta-cell damage, and their predictive value has been observed to be high in first-degree relatives of children with diabetes [29, 30] . There are indications that the beta-cell damage is faster and more aggressive in younger children than in older children [31] , and the risk of developing clinical diabetes is higher for young ICA-positive sibs than for older ones [32] .
Only sibs with high-risk and moderate-risk genotypes had more than two antibodies in this study. One child in the low-risk group had two antibodies (ICA and IA-2A), and one with genotypes conferring a decreased risk had two antibodies (IAA and GADA). This indicates either that the high-and moderate-risk genotypes predispose carriers to the emergence of antibodies linked with Type 1 diabetes or that low and decreased-risk genotypes protect them from such betacell autoimmunity. Our findings show that the HLA DQB1*0602 allele protects subjects from the appearance of multiple antibodies, but it still points to a few individuals with this protective allele who test positive for single antibodies.
The number of children who had a family member affected by Type 1 diabetes was small (n=38) resulting accordingly in a limited power in detecting differences in the frequency of various autoantibodies in relation to those with a negative family history for Type 1 diabetes. Nevertheless, the subjects with at least one affected family member were observed to have both IA-2A and multiple autoantibodies more frequently than the vast majority with no affected first-degree relatives.
In conclusion, it is shown here that the inherited susceptibility to Type 1 diabetes as defined in terms of HLA genes has a considerable influence on both the quality and quantity of signs of beta-cell autoimmunity in non-diabetic children derived from the general population.
